We present an empirical analysis of the determinants of labour cost in OECD countries, with particular reference to the impact of labour market institutions from 1960 to 1994. The main contribution of the paper is to show that labour market regulations can explain a large part of labour cost rise in OECD countries in the last decades once we control for productivity. These results are consistent with the findings of a companion paper where the effects of institutions on unemployment are examined. The model controls for macroeconomic shocks, and include the possibility of interactions among institutions. We present also a discussion of the potential problems encountered when estimating a macro pooled model like ours. We focus, among other things, on the hypothesis of poolability and on the cointegration properties of the model, suggesting a two way fixed effects specification in GLS form that corrects for heteroskedasticity and serial correlation. The explanatory power of the model is finally tested by means of a series of by country dynamic simulations.
Introduction
One of the most challenging tasks for contemporary macroeconomics is the construction of robust empirical tests of the explanatory power of alternative theories of unemployment. Recent contributions by , Elmeskov et al. (1998) , Belot and van Ours (2000) , Blanchard and Wolfers (2000) and Bertola et al. (2001) have shed some light on the causal relationship that links institutional factors and macroeconomic shocks with the rise and the persistence of high unemployment levels in most of the OECD countries. However we still lack of an empirical account of the way labour market institutions affect unemployment levels through their impact on wage determination. As we will see below, an important part of the explanation of the impact of labour market institutions on unemployment can be derived by the role played by these institutions in the wage determination process. If institutions do matter in the explanation of OECD unemployment patterns, then we should be able to estimate a significant impact on wages as well. Moreover, even if some institutions do not affect unemployment directly, exerting pressure on wages, but through their impact on the matching process of the unemployed to available job vacancies, they should have a significant impact on wages as well through the movements in equilibrium labour demand. The unemployment and the wage models are intimately connected and should yield coherent results.
This work and the companion paper Nickell et al. (2001) propose an empirical investigation of the combined effects of wage pressure factors and labour market institutions on unemployment rates and labour cost. Our aim is to produce an empirical investigation of the time series properties of OECD unemployment and to yield some insight on the far from homogeneous experience of each single country. This paper concentrates on labour cost determination in OECD countries, while Nickell et al. present a broader picture, including an account of unemployment patterns and the Beveridge Curve in those countries.
The structure of the paper is the following: the next section contains a concise theoretical introduction, section three presents a model of labour cost determination and a brief description of what we intend for labour market institutions. Section four includes a brief overview of the existing multi-country models of labour cost determination. Sections five, six and seven present the empirical analysis, including some comments on the specification of the econometric model. Section eight contains some final remarks 1 .
Unemployment and Labour Cost Determination
Our theoretical background is . According to his simple model, the wage setting framework is described by the equation:
where wages are assumed to be set as a mark-up on averaged actual and expected prices, and z w indicates the vector of all exogenous wage pressure factors. The extent of the mark up is influenced by the state of the labour market, represented by the unemployment rate u (here in logs) and the growth rate of unemployment ∆u.
Assuming mark-up price setting behaviour for firms, a standard production function and a mix of anticipated and unanticipated shocks on demand, price, and wages, this stylized model yields the following reduced unemployment equation:
where (z w ,z p ) represent anticipated autonomous shifts in wages and prices respectively, ( w , p ) are unanticipated shifts in the same variables, and ( n , r ) are unanticipated nominal and real demand shocks. In addition, we have that φ 1 = θ 3 /θ and φ 2 = θ −1 , with θ = (θ 2 + θ 3 ). The assumption of rational expectations rules out any effect of anticipated demand shocks on unemployment.
A few points can be drawn from this simple setting:
• There exists a negative long run relationship between unemployment and real demand factors. This relationship is the obvious consequence of whichever specification we may assume for the production function, since labour is a fundamental input for production.
• The relationship between unemployment and wage and price pressure factors (z w ,z p ) depends on the impact of unemployment on wages, i.e. on the coefficient θ 2 .
(i) If the unemployment level does not affect wages, i.e. if θ 2 = 0, then φ 1 = 1 and according to equation (2) unemployment will follow a random walk process. In this case its actual level will depend on the history of past shocks, and any unemployment level will be compatible with stable inflation.
(ii) If unemployment significantly affects wages, i.e. if θ 2 > 0, then the effect of past shocks falls with time at a rate which increases with θ 2 . Most importantly, there exists a level of unemployment u * = 1 θ 2 (z w +z p ) such that if unemployment is consistently lower than u * there is a tendency for inflation to grow. The unemployment level u * is determined by wage and price pressure factors (z w ,z p ).
The intuition underlying last point is that autonomous changes in unemployment could be offset by labour market forces if higher unemployment triggers a reduction in wages. If this is the case, unemployment will depend on wage pressure institutions. If this is not the case, we expect unemployment to be fully persistent (i.e. it will follow an I(1) process).
The analysis of equation (1) is therefore a crucial step in order to understand the sources of OECD unemployment. Consequently, the objectives of the paper are the following:
1. to analyse the impact of unemployment on wages; 2. to investigate the impact of labour market institutions on wages; 3. to investigate the coherence of the wage model with the analogous model of unemployment contained in the companion paper Nickell et al. (2001) .
This paper concentrates on the estimation of a labour cost equation while Nickell et al. (2001) provides an extensive account of the unemployment model based on the same criteria. The theoretical and empirical relationships between the two analysis have been briefly discussed here. A broader discussion can be found in the companion paper.
A Model of Labour Cost Determination
Equation (1) may be written as:
where the term θ 1 (p − p e ) reflects macro shocks. If we want to generalise this simple model we have to allow wages to be ceteribus paribus anchored to productivity in equilibrium. In addition, there are empirical and theoretical reasons to expect some form of persistence in wage dynamics 2 . A general dynamic reduced form, allowing for a positive productivity trend π and endogenous persistence, is therefore:
where the same notation used above applies here, withz w being the vector of wage pressure factors,and s a vector of nominal and real shocks.
According to equation (4) the log real wage level depends respectively on last period's value, labour market conditions represented by the level and change in unemployment, i.e. u t and ∆u t , the productivity trend π t , wage pressure factorsz w , and a set of macro shocks s t . Given the peculiar nature of our sample period, starting in 1960 when unemployment was virtually zero in some countries, in what follows we do not impose unemployment to be in logs 3 , since we would introduce spurious variability in the series 4 . The vector of wage pressure factorsz w includes the set of all labour market institutions that influence the matching process of unemployed individuals to available job vacancies, or directly raise wages in presence of excess labour supply, or both. In any case they will impact wages and unemployment in the same direction, since labour demand, which is negatively related to wages, will move in the opposite direction of unemployment in equilibrium.
The institutions can be broadly classified into wage bargaining institutions, institutions related to unemployment benefit provision, employment protection regulations and labour taxation. The empirical counterpart of each institutional dimension is represented by an indicator provided by the Labour Market Institutions Database (LMID), assem-2 This can depend on various factors, the most obvious being a certain degree of persistence of the impact of macro shocks. Moreover, in the presence of staggered wage adjustment in most countries, only a fraction of total contracts will be renewed every period, with the a resulting strong autocorrelation in the average wage.
3 For example, Germany, New Zealand and Switzerland. 4 For example, in log form, the rise in unemployment in Switzerland from 1960-64 to 1996-99 (0.2% to 3.7%) has a negative impact on wages which is nearly 300 percent larger than that in Italy where unemployment rose from 3.5% to 10%. This differential seems somewhat implausible.
bled by Nickell and Nunziata from different sources, and extensively described in the data appendix of this paper 5 . The institutions having a direct impact on the wage determination process are the trade union bargaining power and the degree of coordination in wage bargaining. The latter represents the extent to which parties to wage bargaining are able to take account of the macroeconomic consequences of their decisions. Union power consists instead of two major dimensions that are the proportion of employees covered by collective agreements (union coverage) and the union membership rate among active workers (union density). Unfortunately, we can only estimate the wage impact of union density since the data on union coverage is available for a very limited number of years 6 . As suggested by previous analysis, we expect a positive impact of union bargaining power on wages, although the effect is likely to be offset if bargaining is highly coordinated 7 . As regards unemployment benefits, a generous system has a direct negative influence on the willingness of the unemployed to undertake a vacant job. Both the amount and the time duration of the monetary transfer to unemployed individuals may matter in this respect. The former is summarised by the benefit replacement rate, i.e. the ratio of the average unemployment benefit on the average salary, aggregated over family types 8 . The attitude of the unemployed can also be influenced by the returns on non human wealth which may be increasing in the real interest rate 9 . Employment protection regulations are by definition the set of rules and procedures governing the treatment of dismissals of employed workers. Much of the economic literature insists on the negative impact of these regulations on the employment dynamics 10 . In addition, they raise the bargaining power of insiders, inducing an upward pressure on bargained wages. However, it is not clear if these regulations exert an effect as significant on the employment level (and therefore on unemployment) in equilibrium. A series of conflicting effects are involved here: inflows into unemployment are reduced by higher protection, while the effect on outflows from unemployment is unclear. Firms may be more cautious about hiring new staff, but the quality of the personnel may be improved by a reduction in the trial-and-error recruitment procedures 11 . Finally, by labour taxation we mean the tax wedge between the real product wage paid by the employer and the real consumption wage received by the employee 12 . This consists of the sum of the payroll tax rate, the income tax rate and the consumption tax rate. The question here is how much part of the increase in the tax wedge is born by the 5 See also , the description in Nunziata (2001) and the general discussion in Nickell et al. (2001) . A general survey on labour market institutions is provided by Nickell and Layard (1999) while some previous discussions can be found in Layard et al.(1991) , Bean (1994) and 8 No long and comprehensive series on the coverage or on the strictness of the benefit provision system are available for all the countries. Nevertheless, these factors may be of a certain importance in explaining the experience of countries with generous benefits. It is the case of Denmark, where, according to the Ministry of Labour, the implementation of a tighter enforcement system in the 1990s was one of the main causes behind the large reduction in unemployment unaccompanied by any inflationary pressure (see Danish Ministry of Finance, 1999, Chapter 2).
9 See Phelps (1994) for a broader discussion. 10 See, for example, Bentolila and Bertola (1990), Nickell and Nunziata (2000) and Nunziata (2001) .
11 See Daniel and Stilgoe (1978) and Evans et al. (1985) for a discussion on the UK. 12 The former is normalised on the GDP deflator, while the latter uses the consumer price index.
employers or shifted to the employees through a reduction in the after-tax consumption wage. In the first case both wages and unemployment increase, while in the second case labour costs and unemployment are unaffected. The extent to which wages and unemployment respond to changes in the tax wedge tells us which direction prevails. A similar real wage resistance effect can be generated by an adverse shift in the terms of trade or by an unexpected fall in trend productivity growth.
Some Previous Multi-Country Models
Most of the existing empirical cross country literature on labour cost determination concentrates on the effects of taxation on wages. This is found to be shaped by the institutional configuration of the labour market, however this is defined 13 . Newell and Symons (1985) use marginal tax data in a simple cross country regression setting, finding a significant negative correlation between marginal tax rates and technical progress, real product wages, investment and labour force participation, and a positive correlation with the unemployment rate. The econometric analysis however is not robust, since the authors do not control for country effects. Alesina and Perotti (1997) propose a more sophisticated panel analysis of 14 OECD countries, for the period 1965 to 1990
14 . They regress unit labour costs on labour tax, a centralization in wage bargaining dummy, total factor productivity and some other controls. The countries are divided into three groups according to their degree of centralization in wage bargaining, and the labour tax variable is interacted with the relative three indicator variables. The empirical evidence produced by the authors supports the view that an increase in labour taxation induces a labour cost increase in countries with an intermediate degree of bargaining centralization 15 . According to the authors, this result suggests that the relationship between taxation and wages is hump shaped. In other words, highly decentralized countries are characterized by lower distortions while if bargaining is highly centralized then unions internalize the welfare improvements associated with higher tax pressure, demanding lower pay increases 16 . However, given that all the variables included in the regressions are in log difference the model implies that a 10 percent rise in taxes from the average value in 1960-1990 induces a somewhat implausible 27 percent increase in unit labour costs in the intermediate countries. In addition consumption taxes are omitted from the labour tax variable, which is defined as the sum of direct taxes paid by households, social security taxes paid by employers and employees and payroll taxes as shares of GDP. This omission should be tested, since we should expect that a switch from income taxation to consumption taxation 13 The empirical literature on wage determination is immense. A number of other relevant contributions are not mentioned here because of the different emphasis or methodology. See, for example, the macroeconomic papers of Alogoskoufis and Manning (1988) and Bean et al. (1986) , as well as the literature on wage curves originated by Oswald (1990, 1994 ) that concentrates especially on micro data. 14 The countries in the sample are Australia, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, Netherlands, Norway, Sweden, United Kingdom and United States. The base equations include country and year effects. 15 The countries belonging to the intermediate bargaining centralization group are Germany, Netherlands and Belgium. 16 See Calmfors and Driffill (1988) and Freeman (1988) for evidence.
would not change wage earners real income 17 . Moreover, the authors' assumption implies, quite implausibly, that by simply replacing payroll and income taxes by consumption taxes, we can reduce labour costs by a huge amount, thereby generating a huge reduction in unemployment.
The main concern about the model is however that labour market institutions are taken into account simply dividing the countries into three groups, on the basis of one dimension only, namely bargaining centralization. In fact, several other features of labour market institutions are likely to be crucial in a model of labour cost. This approach also fails to consider the historical evolution of the characteristics of the bargaining process in each country. The changes can be relevant for some countries and could affect the country classification proposed by the authors. As an example, looking at the time series for coordination used in this paper, we see a 25 percent fall in coordination for Sweden from 1980 to 1995 and a 66 percent raise in Italy from 1990 to 1995.
Daveri and Tabellini (2000) follow a similar approach in a study of the effects of taxation on unemployment and growth on a group of 14 OECD countries 18 . The claim of the paper is that higher taxation is correlated with greater labour costs and therefore with higher unemployment and a lower rate of growth. Although the theoretical arguments of the authors are in some way different from Alesina and Perotti, the conclusions are comparable. The analysis is constructed using five years averaged data in order to remove cyclical fluctuations, and the tax data is constructed using the methodology suggested by Mendoza, Razin and Tesar (1994). The countries are divided into three groups according to the characteristics of their bargaining system, where the composition of each group is different from the one adopted by Alesina and Perotti, possibly because the authors do not consider only centralization as a subdivision criteria, but other bargaining dimensions too 19 . The estimation results indicate that taxation has a positive significant impact on unemployment in the countries belonging to the intermediate group, namely continental Europe plus Australia. There is also a positive effect for Canada, US, Japan and Thatcher UK, but weaker. Regarding labour costs, the authors estimate two alternative models, using respectively data on the growth rate of gross real earnings in manufacturing, and the growth rate of net real wages of the average manufacturing worker. The reported 2SLS coefficients in the first more robust case indicate that higher taxation is correlated with higher labour costs in continental Europe and Australia, so that a unit change in the average tax is translated into a 0.49 percent increase of gross real wage.
Being the methodology used by Daveri and Tabellini quite similar to the one adopted by Alesina and Perotti, similar comments apply here. In this case too, the tax data does not include consumption taxation, and the unemployment regressions are quite bald, with very few regressors. In addition, the composition of each country group, according to the institutional framework governing wage bargaining, suffers from a certain degree of subjectivity. Indeed, the choice of including one country in one group instead of another ultimately responds to the criteria implied by the authors. Even if we were to rule out subjectivity, there seems to be no reason why we should stick to one rule only. The subdivision criteria can be various and contradictory, with a likely relevant impact on the estimation results.
17 See Nickell and Layard (1999). 18 With respect to Alesina and Perotti, they include Spain in the sample and exclude Danemark. 19 These are union density, union coverage and coordination.
Our model intends to respond to these problems and limitations. In what follows we provide an empirical test of the impact of institutions on labour cost determination in OECD countries, together with an investigation of the role played by labour market forces.
The Econometric Model
We estimate a general version of equation (4) on a sample of 20 OECD countries observed from 1960 to 1994. The baseline specification of the empirical model is the following:
(5) where the same notation used above applies here with w it − p it being the real unit labour cost (i.e. real unit wages, salaries and social security contributions paid by resident producers), U the unemployment rate (that we do not impose to be in logs), ∆U the difference in the unemployment rate, π the productivity trend,z w a vector of labour market institutions, h a vector of interactions among institutions and other regressors, s a vector of macroeconomic shocks, t i a country specific time trend, µ i a fixed country effect, v t a year dummy and ε it the stochastic residual 20 . More specifically, the vector of labour institutions includes:
where EP it is employment protection, BRR it is the unemployment benefit replacement rate, UD it is net union density, CO it is bargaining coordination and T W it is the tax wedge, i.e. direct + indirect + payroll tax rate.
The vector of interactions in the baseline model has the following form:
where each element, denoted with obvious notation, is expressed as interaction between deviations from the world averageξ, i.e. :
Expressing the interactions in this way allows us to read the coefficient of each institution in levels as the coefficient of the "average" country, i.e. of the hypothetical country characterized by the average level of that specific institutional indicator.
The vector of controls for macroeconomic shocks contains the following elements:
where D2T F P is a total factor productivity shock, calculated as the acceleration in productivity, ∆ 2 T F P , and T T SF C is a terms of trade shock 21 .
20 See the appendix for data definitions and sources. 21 This is calculated as
where P import is the imports deflator and P GDP is the GDP deflator at factor cost.
RZB Test

Small sample approximation We adopt a GLS fixed effect estimator, in order to control for country unobservables and to correct for heteroskedasticity across countries as well as residual serial correlation 22 . The time dummies capture instead the contemporaneous correlations across countries. Next section introduces some specification and diagnostic tests that justify the adoption of a GLS fixed effect estimator, discussing the implications and potential problems of this choice. The following sections present the estimations results and some dynamic simulations of the baseline model.
Interactions Test
Specification and Diagnostic Tests
Poolability of the data
When estimating a multi-country equation like in our case, the hypothesis of homogeneous coefficients has to be tested. This is especially relevant in a dynamic setting since, under the assumption of a random coefficient model 23 , if parameter heterogeneity is ignored, the pooled estimator is inconsistent even when T → ∞, as shown by Pesaran and Smith (1995) . We perform the poolability test suggested by Roy (1957) , Zellner (1962) and Baltagi (1995) (RZB test) that requires the estimation of the model under the restriction of common slopes across countries, as well as allowing heterogeneous slopes. This test is a generalization of the Chow test for the N linear regressions case, under the general assumption of non spherical disturbances ε N (0, Ω). Table 1 shows the test statistics for the baseline version of the model, without introducing interactions among institutions. The null hypothesis of poolability is not rejected as shown in the first column of the table. However, this result is not confirmed if we consider the small sample approximation of the distribution of the test, as in column two of the same table.
The tests in column one and two are calculated using a simplified version of the baseline model 24 . The need for this simplification comes from the fact that it is not possible to estimate country specific coefficients for some of the regressors. For example, the coordination variable is constant for some countries over the whole sample period and we cannot estimate its coefficient in each by country regression 25 . This limitation can be eliminated by calculating an alternative poolability test introducing interactions between the regressors and the country dummies and testing for the joint significance of the interactions. The third column of Table 1 presents the test statistic computed for the baseline labour cost model. Here again the poolability null is rejected.
These tests limit the scope of investigation to the validity of the null hypothesis of homogeneous coefficients for all countries. However, as suggested by Baltagi (1995) , the pooled model can yield more efficient estimates at the expenses of bias. McElroy (1977) suggests three tests based on weaker mean square errors (MSE) criteria that do not test the falsity of the poolability hypothesis but allow to choose between the constrained and unconstrained estimator on a pragmatic basis, i.e. on the basis of the trade-off between bias and efficiency.
Under the general assumption of ε N (0, Ω), beingĝ * GLS the constrained estimator andδ * GLS the unconstrained estimator, the null hypothesis of the MSE based tests is that g * GLS is better thanδ * GLS on "pragmatic grounds". Table 2 presents the test statistics calculated for the same model of Table 1 as well as the analytical expression for the null hypothesis. According to the Strong MSE criteria, the pooled estimator is preferable to the unconstrained estimator if λ NT ≤ 1 2 , with λ NT being the non centrality parameter of the test. The first and second Weak MSE tests are constructed such that the pooled estimator is preferable to the unconstrained if the conditions in the last two columns of the table are met. These conditions imply that the unconstrained estimator is characterized by a mean square error which is higher than in the constrained estimator case 26 . These tests suggest that under the second weak MSE criterion the pooled estimator is better than the unconstrained estimator on our data. In other words the pooled model yields more efficient estimates than the by country regressions. Although this result gives us some confidence in pursuing a pooled approach, it is not robust enough to justify a pure coefficient homogeneity framework. Therefore we introduce a set of interactions among institutions and unemployment that allow some institution coefficients to vary across countries and over time. In this way we are also able to control for the institutional complementarity effects suggested by the theory. Our model is therefore semi-pooled in the sense that the institutional coefficients are free to vary across countries and over time, according to the restrictions imposed by the homogeneous coefficients of each interaction. In this respect, in measuring the effects of institutions, we balance the efficiency gains obtained using a pooled empirical approach, with the need to avoid the likely bias produced by a pure homogeneous model 27 .
Pooling is better no no yes Table 3 : Test for groupwise heteroskedasticity
Nickell Bias in Dynamic Fixed Effect Models
Nickell (1981) shows that in the AR(1) case the bias of a dynamic fixed effect model is O (1/T ) and therefore becomes less important as T grows. Judson and Owen (1999) test the performance of the fixed effect estimator by means of Monte Carlo simulations, concentrating on panels with typical macroeconomic dimensions, i.e. small N and T , with N T . Their analysis suggests that the fixed effect estimator performs as well as or better than many alternatives when T = 30, i.e. with a T dimension similar to ours.
Heteroskedasticity
The fixed effect specification assumes homoskedasticity. In other words, given a two way error component model as in our case, with u it = µ i + λ t + ε it , ε it is assumed homoskedastic. If the assumption is not met, then the estimates will still be consistent but inefficient. A groupwise likelihood ratio heteroskedasticity test was performed on the residuals of the baseline model estimated by OLS. The test is chi-squared distributed with G − 1 degrees of freedom, where G is the number of groups in the sample, 20 countries in our case. Table 3 shows the results of the test, according to which we reject the null hypothesis of homoskedasticity across groups. This suggests the adoption of a feasible fixed effect GLS estimator, with a variance covariance matrix that incorporates heteroskedasticity across countries.
Residuals Serial Correlation
Baltagi and Li (1995) suggest an LM test for serial correlation in fixed effects models. The two versions of the test, presented in Table 4 , are calculated assuming two alternative specification for the error autocorrelation structure, namely AR (1) and MA (1). The asymptotic distribution of the test statistics is calculated for T large. Under both assumptions, the null hypothesis of no serial correlation in the disturbances is rejected. Given the results of the heteroskedasticity and autocorrelation tests, the feasible GLS estimator in this paper is constructed assuming by country groupwise heteroskedasticity and an AR(1) structure in the disturbances ε it .
Baseline model
P-value 0.000 Table 4 : Tests for serial correlation
Overconfidence in GLS Pooled Models
The adoption of a pooled feasible GLS approach is not exempt from potential problems. Beck and Katz (1995) argue that the application of feasible GLS to time-series crosssectional data can lead to underestimating the coefficients' standard errors. This is due to the large number of parameters that need to be estimated when modelling the variance covariance matrixΩ. The matrixΩ should account in principle for country heteroskedasticity, by country autocorrelation as well as contemporaneous correlation across countries. The main problem is generated by the need to estimate the N × (N + 1)/2 time invariant contemporaneous covariances across countries using NT observations. This requires a time dimension T considerably larger than N since the downward bias in the standard errors is larger the closer to zero is NT − N × (N + 1)/2. However, in our case this condition is not needed, since we model contemporaneous cross country correlations through the inclusion of time dummies. This results in a variance covariance matrixΩ with only N × 2 parameters, represented by N variances and N autocorrelations 28 .
Unit Roots and Panel Cointegration
We check for unit roots in each country series using an augmented Dickey Fuller test with trend that is valid in presence of serial correlation of unknown form 29 . The results of the tests are shown in Table 5 . As we can see there is a clear evidence of non stationarity for many of the variables. In particular the standardized unemployment rate, employment protection, the benefit replacement ratio, benefit duration, union density, coordination and the tax wedge are non stationary in each country. We therefore need to test for cointegration, and one simple way of doing this is to test for unit roots in the residuals of the static version of the baseline model. There are several residual based panel data cointegration tests available in the literature. Levin and Lin (1993) suggest a superconsistent unit root test with limiting normal distribution. Im et al. (1996) propose a more general test, allowing parameter heterogeneity in the testing regressions but implicitly requiring a balanced panel for the test to be valid. Given the unbalanced nature of our data, we use the test suggested by Maddala and Wu (1996) using previous findings by 28 A further possible simplification is the restriction of a common autoregressive parameter across countries that reduces the number of parameters ofΩ to N. Imposing this restriction to our model does not alter the estimation results in any systematic way.
29 See Dickey and Fuller (1979). The number of lags used to calculate the Newey-West estimate of variance is int 4 (N/100) 2 9 , where N is the number of observations in the series. 
1={H 0 : unit root}not rejected at 5% level Table 5 : Unit roots in country time series Fisher (1932) . This test combines the results of N by country unit roots tests of any kind, each with P-value P i , in the statistic −2 log P i , shown to be χ 2 distributed with 2N degrees of freedom. It relies on the assumption of no cross country correlation and whenever this assumption is not met Maddala and Wu suggest bootstrapping to define the critical values. In our model we control for cross country correlation by means of time dummies, and therefore we assume to be free to use the exact distribution of the test for inference. Table 6 shows two versions of the cointegration test, using respectively Dickey Fuller with trend and Phillips Perron 30 as by country tests. The P-values are MacKinnon approximations. The null hypothesis of no cointegration is rejected in both cases.
Endogeneity Tests
The labour cost equation could be affected by the potential endogeneity of labour market institutions and unemployment. As regards the unemployment rate, we expect the endogeneity bias, if present, to be of a conservative kind, as the causal directions from unemployment to wages and vice versa are in opposite direction. For what concerns institutions, we test the endogeneity hypothesis by means of the Durbin-Wu-Hausman test (DWH). This augmented regression test examines whether the endogeneity of some of Table  7 presents the results for the DWH tests using the percentage of left and right seats in parliament as instruments. Each column reports the tests for each single variable. In all cases the null hypothesis of independence between institutions and the stochastic error is not rejected. The same DWH tests were carried on using other combination of political variables as instruments with similar results.
Although these results give us some confidence in the interpretation of our empirical model, the question of the endogeneity of labour market institutions is still open and will need further investigation in the future. It is reasonable to assume that the evolution of labour market institutions in OECD countries has been influenced by the status of the labour market in each country. However, the identification of the way institutional change has been shaped is not obvious. The characteristics of the political deliberation process in each country seem to suggest that the causal nexus is profoundly shaped by other factors such as the voters' preference structure, the policy makers' agenda, the existence of stable political equilibria and the timing of elections, among the others. 31 See Hausman (1978) and the discussion in MacKinnon (1992). Note that the object of the test is not the endogeneity of some regressors but the effect of endogeneity, if present, on the estimates of the parameters of interest. 32 The Comparative Welfare State Dataset is assembled by Huber E., Ragin C., Stephens J. at University of North Carolina and Northwestern University. The dataset contains data on socio political variables collected for all countries in the sample, except Portugal and Spain, from 1960 to 1994. The results about each country elections votes are classified according to the political inspiration of each party involved. The parties are divided into three main groups: left, center and right parties. Table 7 : Durbin -Wu -Hausman tests
Estimation Results
We present a set of alternative specifications of the labour cost model. The estimation output is presented in Tables 8 and 9 . All models are estimated using a fixed effect GLS estimator, corrected for by country heteroskedasticity and serial correlation, except for Model 18 that is estimated by OLS.
The unemployment coefficient is negative and significant in all specifications. This confirms the theoretical scenario depicted in section 2, showing that the labour market adjustment mechanism is at work. Model 1, our benchmark specification, shows also that the impact of unemployment on wages is shaped by the labour market institutional configuration. The negative wage adjustment triggered by an increase in unemployment is reinforced by higher bargaining coordination, weaker union density and lower unemployment benefits. For what concerns the change in unemployment, we could not find any significance effect.
As regards the level impact of wage pressure institutions, we find a positive significant impact of employment protection, benefit replacement rates, the tax wedge and of an increase in union density. The benefit duration indicator is instead never significant. Coordination has a negative effect on wages, both in level and through the interactions with the tax wedge and unemployment. This result is some way in line with the previous findings of Alesina and Perotti (1997) and Daveri and Tabellini (2000) according to which in presence of high bargaining coordination the impact of the tax variable is reduced. However, this specification does not allow to test for the hump shape hypothesis suggested by these authors. Alternative tests of the complementarity effects between the labour tax rate and coordination are therefore provided by Models 12 and 13. In the former model the countries are divided into three groups according to their degree of bargaining coordination, and the resulting indicator variables are interacted with taxation 33 . Gunc is the dummy for the group of uncoordinated countries, characterized by a coordination level CO < 1.5. Gint is the indicator for the intermediate countries, with 1.5 ≤ CO ≤ 2, and Gcoo is the indicator for highly coordinated countries with CO > 2. Differently from the analysis of the previous papers, here the countries do not belong necessarily to one group for the whole sample period, but they transfer from one group to another according to the institutional changes occurred from the 1960s to the 1990s. The hump shape hypothesis is only partially confirmed by our analysis. In fact, although the coefficient of intermediate countries is the largest, the tax variable has a positive significant impact on all groups of countries and not on the intermediate group only. In addition, although we cannot reject the hypothesis that the three coefficients differ across the three country groups, the long term impact of taxation on labour cost is very similar. For example, a 10 percentage points rise in tax induces a 2.5 percent increase in labour cost in the not coordinated and coordinated countries and a 3.2 percent increase in the intermediate countries.
The test provided by Model 12 is not strictly comparable with the one presented by Alesina and Perotti since they classify the countries according to the degree of centralization in wage bargaining and not of coordination 34 . In order to allow for comparisons Model 13 performs the same test using a time varying centralization indicator for the con- 33 The results below depend only marginally on the definition of coordinated, intermediate and uncoordinated countries, i.e. on the thresholds we use to construct the group dummies. The criteria reported here are the most sensible in order to have enough observations in each group. However, if we adopt alternative reasonable thresholds' values we obtain almost identical coefficients and confidence intervals. 34 These two variables are positively correlated and have a comparable mean and standard deviation over the sample. Coordination is however more general than centralization, as the latter simply refers to the level at which wages are bargained (plant, firm, industry or economy-wide). struction of the three dummies. The results are again only moderately in line with the hump shape hypothesis. The impact of the tax variable is not significant in centralized countries only while in decentralized and intermediate countries wages are significantly affected by employment taxation. In this case a 10 percentage points rise in tax induces a 3 percent increase in labour cost in the decentralized and intermediate country groups.
As expected, the productivity trend has a large positive impact on wages. The long run coefficient is greater than one, suggesting that the long run elasticity of substitution between capital and labour is lower than one 35 . The effect is reinforced if unions are stronger, as in Model 4 36 . The TFP and the terms of trade shocks have a significant impact on wages, respectively of negative and positive sign, as expected. This means that labour cost fails to accommodate an acceleration of total factor productivity above the trend while an adverse shock in relative import prices induce workers to maintain their real net incomes, increasing wage pressure. The TFP and the real wage resistance effect are robust to the introduction of another set of shocks, namely the real interest rate and the acceleration in money supply, as in Model 9. The coefficient of the latter variable is not significant, while the interest rate coefficient is significant with positive sign. This finding may be interpreted as a corroboration of the hypothesis suggested above of a positive relation between real interest rate and non human wealth of the unemployed.
In Model 10 we substitute the coordination variable with the measure provided by Nickell et al. (2001) that tries to capture the various detailed nuances of the variations in coordination. In this specification the coordination variable is not significant in level, but still has a significant effect in reinforcing the unemployment wage adjustment mechanism and in reducing the wage pressure impact of the tax variable.
Model 15 includes the unemployment growth rate among the explanatory variables. Its significance with expected sign reinforces the importance of the labour market adjustment mechanism. Moreover, Model 16 shows that the impact of unemployment growth is strengthened when wage bargaining is coordinated, although the change in unemployment becomes insignificant in levels 37 . Model 11 incorporates a set of dummies that account for changes in types of coordination, based on a taxonomy due to Traxler (1996) and Traxler and Kittel (2000) . We include five of the six categorical variables originally set by these authors 38 . These are: CO1=inter associational coordination, i.e. coordination by the major confederations of employers and labour; 35 In analytical terms, we can rewrite a general profit maximizing condition AF 1
where N is labour, K is capital, W is the labour cost per employee, P is the GDP deflator in aggregate and κ = (1 − 1/η) where η is the output demand elasticity. Being 
a, where σ is the long run elasticity of substitution. Our estimates imply that σ < 1. This means that if wages grow faster then productivity, the labour share increases. 36 This result is in line with previous findings in the literature. For example, Booth et al. (1999) identify a positive impact of unions on wages and productivity through greater gains from training. 37 We must be however careful in interpreting these results since using unemployment in log form is problematic, as noted at page 4. 38 We exclude CO3, pattern setting coordination to avoid multicollinearity.
CO2=intra associational coordination, i.e. within the major confederations of employers and labour;
CO4=state imposed coordination; CO5=non-coordination; CO6=state sponsored coordination, i.e. with the state joining the bargaining process as an additional party.
The model confirms again a significant positive impact of an uncoordinated bargaining framework on wages. In addition, the type of coordination that seems to be most relevant in reducing wage pressure is the inter associational 39 . Model 2 tests for the significance of changes in taxation and Model 3 tests for lagged effects in taxation. In both cases, the variables are insignificant. Model 5 tests for the impact of the home ownership variable, suggested by Oswald as a proxy for labour mobility 40 . The idea here is that if a larger share of households are house owners, then workers will be more reluctant to migrate to different regions in order to find a job. This will reduce the labour market adjustment speed in presence of local adverse shocks, preventing one important allocation mechanism, namely labour mobility, to take place. In our model the home ownership variable has a positive and significant (at the 10% level) impact on wages, suggesting that lower mobility may also have a wage pressure effect, through the rigid geographical localization of the labour force 41 . In Model 6 we drop the observations from Portugal, in order to make a comparison with Model 5, since no home ownership data is available for that country. As we can see, the model is quite stable after we drop these observations 42 . In Model 7 we substitute unemployment with its log in order to compare our findings with the wage equation of Oswald (1990, 1994) . The long run elasticity of wages with respect to unemployment is 5 percent, i.e. half of the one estimated by Blanchflower and Oswald 43 . This result is not substantially different if we estimate the static version of the model or if we limit our sample to the period 1970-1994.
In Model 8 we test the significance of a split trend in productivity after 1970, interacting P ROD with a dummy equal to 1 for all years after 1970. This is to check if we are able to capture with a split trend in productivity the rapid growth of the share of labour in most countries in the 1960s. The interaction is insignificant, although it is negative as we would expect.
Finally, the labour cost equation is estimated in its static form in Model 17. This is another implicit test of the Pesaran -Smith bias in dynamic heterogeneous panels. The implications of the benchmark model are actually reinforced by the static model.
Overall, the empirical results are robust to different specifications and are coherent with the findings of the unemployment model in the companion paper Nickell et al. The institutions and the unemployment rate have a significant impact on OECD wages, once we control for the productivity trend. The next step is then to establish what proportion of the wage dynamics from 1960 to 1994 can actually be imputed to changes in institutions and unemployment given productivity. Next section provides some dynamic simulations of the baseline model in order to answer to this question.
Dynamic Simulations
We present a summary of the results of a set of dynamic simulations performed on the baseline version of the labour cost model. The scope of the dynamic simulations is the measurement of the impact on wages of the evolution of labour market institutions and unemployment from 1960 to 1994 in OECD countries.
The simulations are produced generating a labour cost series for each country through a recursive procedure that substitute the lagged dependent variable with the previous year prediction of the baseline model. The simulated series are then compared with the one obtained using the same method but constraining one or more regressors at their average 1960s value. In this way we calculate the variation in labour cost that can be imputed to the evolution of the specific regressors over the estimation period.
Obviously, the major part of the rise in wages is due to the productivity trend and relative to this institutions are not important. What is important, however, are the impacts of institutions once we control for productivity. Figures 1 and 2 show, respectively, the contribution of the changes in institutions and unemployment (from the 1960s average) to the changes in labour costs in the 1980s and in the 1990s 44 . From the figures it emerges quite clearly that the role of unemployment is to offset the impact of institutions. In other words, given that wages cannot move too far away from the productivity trend, unemployment has to increase in order to balance the pressure on wages induced by institutions. It follows that the change in unemployment tends to be bigger when the institutional effects are bigger in the opposite direction.
Although the role played by each institution varies across countries and time, we see that, on average, the major labour cost changes are generated by the benefit replacement ratio, taxation and employment protection. Indeed, the simulations display a significant institutional impact in countries that were characterized by a noticeable variation in institutions over the sample period. For example, employment protection regulations do not play any role in countries, such as the non-European and Switzerland, where these regulations did not change substantially from the 1960s. On the other hand, stricter employment protection regulations triggered a wage rise in countries like Portugal, Sweden, Germany and France.
Higher benefit replacement ratios have increased wages in most of the countries in the sample. On the contrary, the fall in the UK ratios had instead a negative impact in that country.
For what concerns coordination, the simulations do not show any effect for the group of countries in which coordination remained stable over the period. However, the increase in coordination in the 1990s was particularly relevant in moderating labour costs in Ireland, France and Italy. 
Concluding Remarks
This paper presents an empirical investigation of the determinants of labour cost in 20 OECD countries observed from 1960 to 1994. The regressions are estimated using a fixed effects estimator in GLS form, correcting for heteroskedasticity and residual serial correlation. We include year dummies in order to control for contemporaneous correlations and we test for panel cointegration, endogeneity and poolability issues among other things.
The main findings of the paper are the following:
• The unemployment rate has a negative and significant impact on labour cost. Autonomous shocks on unemployment can therefore be offset by labour market forces since higher unemployment triggers a reduction in wages. The estimated long run elasticity of wages with respect to unemployment is 5 percent, i.e. half the one estimated by Oswald (1990, 1994 ).
• Labour market institutions have a significant impact on wages. The impact can be either direct, inducing wage pressure despite excess supply in the labour market, or indirect, influencing the matching process of unemployed individuals to available job vacancies.
• The effect of institutions is coherent with the results of the unemployment model estimated in the companion paper Nickell et al. (2001) . These findings confirm the theoretical scenario depicted in the first part of the paper where equilibrium unemployment is determined by autonomous wage pressure institutions.
• The productivity trend plays a major role in the evolution of wages in OECD countries in the last decades. The employees' productivity gains seem to be higher if unions are stronger. The model does not confirm a structural break in the productivity coefficient after the 1970s.
• Taxation has a positive impact on labour cost. The model confirms therefore the existence of a shift effect from employees to firms, although smaller than the one estimated by previous papers. The tax effect is moderated by high coordination in wage bargaining. The Daveri and Tabellini hypothesis of major impact of the tax wedge in countries with intermediate degree of coordination is only partially confirmed by our analysis. In fact, the tax wedge is significant in uncoordinated, intermediate as well as coordinated countries, and the impact of taxes seems only to be vaguely hump shaped.
• The institutions governing the bargaining process play a major role in shaping wages, both directly as well as through their interaction with unemployment and taxation. Bargaining coordination has a direct negative effect on labour costs, and an indirect effect in reducing the positive impact of taxation and increasing the negative impact of unemployment.
• Stronger unions increase wages, although their adverse effect can be offset by high coordination in wage bargaining.
• Higher benefit replacement rates have a significant and positive effect on labour cost. They increase workers' utility in case of the unemployment fall back position raising the average reservation wage. In addition, they reduce the effect of labour market adjustment forces induced by higher unemployment.
• The impact of benefit duration is insignificant in all model specifications.
• Employment protection has a positive impact on wages, possibly through the increase in the insiders' rent positions.
• Macroeconomic shocks have a significant effect on wages. In particular, the term of trade shock has a positive effect while the acceleration in TFP growth has a negative impact, showing a certain degree of real wage resistance in OECD economies.
• The home ownership variable, proposed by Oswald as a proxy for low labour mobility has a positive impact on wages. This suggests that if mobility rates are reduced, wages are likely to rise in order to accommodate local labour demand pressure.
Data Appendix
A Countries and Time Period
The data contain information about the evolution of labour market institutions in twenty OECD countries from 1960 to 1994. Where possible, the data refer to West Germany throughout.
B Definitions and Sources
B.1 Labour Market Institutions
EP: Employment Protection
Blanchard and Wolfers (2000) provide an employment protection time varying variable from 1960 to 1995, each observation taken every 5 years. This series was built chaining OECD data with data from Lazear (1990) . Notice that the OECD data, used from 1985 onward, is constructed on the basis of a more extensive collection of employment protection dimensions, compared with data used by Lazear. This dataset includes an interpolation of the Blanchard and Wolfers series, readjusted in mean. Range is {0,2} increasing with strictness of employment protection.
UDNET: Net Union Density
For non-European countries this variable is constructed as the ratio of Total Reported Union Members (gross minus retired and unemployed members), from Visser (1996) , to Wage and Salaried Employees, from Huber et al. (1997) . The data are updated respectively from Bureau of Labor Statistics (United States: 1994 and 1995), from ILO (1997) [27] (Australia: 1995; New Zealand: 1994 and 1995; Canada: 1994 and 1995) and from the Basic Survey on Labour Unions by the Japan Ministry of Health, Labour and Welfare (Japan: 1995).
The data for European countries except Sweden are produced by Ebbinghaus and Visser (2000) using the same criteria. For what concerns Sweden, Ebbinghaus and Visser provide data on gross density only. Therefore we use the same sources we use for nonEuropean countries, updating the series using the growth rate of gross density in 1995.
Note that:
Benefit Replacement Ratios data is provided by OECD with one observation every two years for each country in the sample. The data refers to first year of unemployment benefits, averaged over family types of recipients, since in many countries benefits are distributed according to family composition. The benefits are a proportion of average earnings before tax.
BD: Benefit Durations
An index was constructed by the authors as a weighted average equal to:
where: BRR 1 is the unemployment benefit replacement rate received during the first year of unemployment, BRR 2 is the replacement rate received during the second and third year of unemployment and BRR 4 is the replacement rate received during the fourth and fifth year of unemployment. Note that we give more weight to the first ratio than to the second (α = 0.6). If benefit provision stops after one year (min duration), then BRR 2 = BRR 4 = 0, and BDAV = 0. If however benefit provision is constant over the unemployment years, we have BRR 2 = BRR 4 = BRR 1 , with BDAV = 1.
TW: Tax Wedge
The tax wedge is equal to the sum of the employment tax rate, the direct tax rate and the indirect tax rate:
T W = t1 + t2 + t3 .
The employment tax rate t1 is calculated as t1 = EC (IE − EC) with EC equal to employers' total contributions and IE equal to wages, salaries and social security contributions.
The direct tax rate t2 is equal to
where DT is the amount of direct taxes and HCR is the amount of households' current receipts.
The indirect tax rate is t3 t = T X t − SB t CC t with T X being total indirect taxes, SB subsidies, and CC private final expenditures. All data come from London School of Economics CEP -OECD database, updated by authors using the same criteria. Generally, the data are taken from OECD National Accounts.
HO: Housing (proportion owner occupied)
The data about owner occupier households, as percentage of total households, is provided by Oswald (1996) . This data was recently updated by Oswald, so that the 1990 figure for Spain is 78% not 75%, and the 1960 figure is 51% not 52%, and the 1990 figure for Ireland is 78% not 81%. Oswald data contain information about 19 countries (Portugal excluded) over 4 periods (1960, 1970, 1980 and 1990) . This dataset contains an interpolation of Oswald's data.
B.2 Macroeconomic Variables
UR: Unemployment Rate
Standardized unemployment rate from Layard et al. (1991) , updated by authors using the same criteria (see OECD Employment Outlook, 2000, Table A ). The missing observations for Portugal are from CEP -OECD database. Data for Italy are based on the US Bureau of Labor Statistics, "unemployment rates on US concepts".
LABC: Labour Cost
Labour cost is defined as w − p = log (IE) − log (ET ) − log (P GDP )
where IE are compensations of employees by resident producers, namely wages, salaries and social security contributions, ET is total employment and P GDP is GDP deflator at factor cost. All data is from CEP -OECD database, updated by authors using the same criteria, except for P GDP that is calculated from GDP at factor cost, current and constant prices, from OECD Business Sector Database.
EPOP: Employment Population Ratio
Total civilian employment normalised on the working age population , from CEP OECD data, updated by authors.
RIRL: Real Interest Rate
Long term real interest rate, constructed using long term nominal interest rate and inflation from OECD Economic Outlook Database.
PRODHP: Trend Productivity
The labour productivity measure, π in the paper, was calculated as an Hodrick Prescott trend of log real GDP minus log of total employment, i.e. P RODHP = HPtrend {log (Y Q) − log (ET )} where ET is total employment, and Y Q is real GDP at 1990 prices.
D2MS: Acceleration in Money Supply
This is equal to ∆ 2 ln (MS), where MS is money supply from OECD Economic Outlook Database.
LDS: Labour Demand Shock
This series consists of the residualsε t of the following 20 by country regressions: log (ET t ) = β 0 +β 1 log (ET t−1 )+β 2 log (ET t−2 )+β 3 log (ET t−3 )+β 4 log (Y Q t )+β 5 log (W T P t )+ε t where ET is total employment and Y Q and W T P are respectively real GDP and real labour cost at 1990 prices.
TTS: Terms of Trade Shock
This series is equal to
where MC are imports at current prices, Y C is GDP at current prices, P m is import price deflator and P G is GDP deflator at market prices, both with 1990 as base year. The dataset contains also a factor cost version of the shock (TTSFC), calculated using the series on GDP deflator at factor cost.
D2TFP: acceleration in TFP
This series is calculated as a three years moving average of ∆ 2 T F P , where TFP is the series from Nickell and Nunziata (2000) . This is based on the Solow residual for each country. 
